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RADIO BASE STATION , USER TERMINAL 
AND RADIO COMMUNICATION METHOD 

to provide a radio base station , a user terminal , a radio 
communication method and a radio communication system 
that can reduce interference against predetermined signals in 
a radio communication system which FTN is used . TECHNICAL FIELD 

The present invention relates to a radio base station , a user Solution to Problem 
terminal , a radio communication method and a radio com 
munication system in a next - generation mobile communi The radio base station according to one aspect of the 
cation system . present invention is a radio base station a control section that 

10 executes control so that signals are time - division - multi 
BACKGROUND ART plexed over a first radio resource region where symbols are 

multiplexed at a rate equal to or below a Nyquist rate and a 
In the UMTS ( Universal Mobile Telecommunication sys second radio resource region where symbols are multiplexed 

tem ) network , the specifications of long term evolution at a faster rate than the Nyquist rate , and a transmission 
( LTE ) have been drafted for the purpose of further increas - 15 section that transmits the signals that are time - division ing high speed data rates , providing lower delays and so on multiplexed in the first radio resource region and the second ( see non - patent literature 1 ) . In LTE , as multiple - access radio resource region , to a user terminal . schemes , a scheme that is based on OFDMA ( Orthogonal 
Frequency Division Multiple Access ) is used in downlink Advantageous Effects of Invention channels ( downlink ) , and a scheme that is based on SC - 20 
FDMA ( Single Carrier Frequency Division Multiple Access ) 
is used in uplink channels ( uplink ) . According to the present invention , it is possible to reduce 

In LTE systems , techniques for achieving further the interference against predetermined signals in a radio 
improvement of cell throughput are under study . For co communication system in which FTN is employed . 
example , spatial multiplexing ( SDM : Spatial Division Mul - 25 
tiplexing ) based on MIMO ( Multiple Input Multiple Out BRIEF DESCRIPTION OF DRAWINGS 
put ) , inter - base station coordinated ( COMP : Coordinated FIG . 1 provide diagrams to explain signal communication Multi - Point ) transmission / reception and so on are under 
study . at or below a Nyquist rate and signal communication in 

30 FTN ; 
CITATION LIST FIG . 2 is a conceptual diagram of OFDM symbols and 

FTN symbols ; 
Non - Patent Literature FIG . 3 is a diagram to explain characteristics of FTN 

signal generation methods ; 
Non - Patent Literature 1 : 3GPP TS 36 . 300 “ Evolved Uni - 35 FIG . 4 is a diagram to show an example of an arrangement 

versal Terrestrial Radio Access ( E - UTRA ) and Evolved of OFDM / OQAM signal points ; 
Universal Terrestrial Radio Access Network ( E - UTRAN ) ; FIG . 5 is a diagram to explain an example of allocating 
Overall Description ; Stage 2 " reference signals of a plurality of antenna ports to radio 

resources in a staggered arrangement ; 
SUMMARY OF INVENTION 40 FIG . 6 is a diagram to show an example of a transmission 

processing section for signals applying FTN to OFDM / 
Technical Problem OQAM , according to a first embodiment ; 

FIG . 7 is a diagram to explain a mapping process of FTN 
As a method for improving cell throughput , non - orthogo - symbols to OFDM / OQAM symbols according to the first 

nal multiple access to allow interference between informa - 45 embodiment ; 
tion symbols and multiplex radio resources in a high density FIG . 8 is a diagram to show an example of an FTN 
is under study . As for the method of implementing non - mapping configuration in the event p = 3 and q = 3 hold ; 
orthogonal multiple access , FTN ( Faster - Than - Nyquist ) , FIG . 9 is a diagram to show an example of a time response 
which is a scheme to multiplex symbols at a faster rate than of an IOTA filter ; 
the Nyquist rate , is proposed . 50 FIG . 10 is a diagram to show examples of frequency 
However , when FTN is employed , there is a threat that the responses in the event an IOTA and a rectangular window 

symbols of predetermined subcarrier locations cause signifi function are used ; 
cant inter - subcarrier ( carrier - wave ) interference ( ICI : Inter - FIG . 11 is a diagram to show an example of a reception 
Carrier Interference ) against other symbols . reception processing section for signals applying FTN to 

Consequently , when FTN is employed , there is a threat 55 OFDMOQAM , according to the first embodiment ; 
that cell throughput deteriorates when the reference signals FIG . 12 is a diagram to show an example of interference 
to use in channel estimation suffer significant ICI from other which an FTN symbol in a predetermined subcarrier loca 
symbols . For example , when FTN is employed , ICI has tion causes against OFDM / OQAM symbols in each subcar 
increased impact on cell - specific reference signals ( CRSs ) rier location ; 
that are placed over resource blocks . On the other hand , if 60 FIG . 13 is a diagram to show an example of multiplexing 
the allocation of radio resources is adjusted so that ICI has of reference signals according to a second embodiment ; 
no impact on reference signals , the information symbols to FIG . 14 is a diagram to show an example of a specific 
which FTN can be applied are very limited , meaning that the symbol arrangement in reference signal multiplexing 
effect of improving spectral efficiency by FTN cannot be according to the second embodiment ; 
achieved . 65 FIG . 15 is a diagram to show an example of a specific 

The present invention has been made in view of the symbol arrangement in reference signal multiplexing 
above , and it is therefore an object of the present invention according to the second embodiment ; 
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FIG . 16 is a schematic diagram to show an example of a polarized waves and horizontally polarized waves to the 
radio communication system according to an embodiment of signals to transmit and receive . 
the present invention ; On the other hand , the signal space can be expanded by 

FIG . 17 is a diagram to explain an overall structure of a increasing the M - ary modulation value . For example , 
radio base station according to an embodiment of the present 5 although LTE - A supports 64QAM at a maximum , the signal 
invention ; space can be expanded even more by increasing the M - ary 

FIG . 18 is a diagram to explain a functional structure of modulation value ( for example , 256QAM , 512QAM , etc . ) . 
a radio base station according to an embodiment of the To provide radio resources densely in the frequency 

direction , it may be possible to use a non - orthogonal mul present invention ; 
FIG . 19 is a diagram to explain an overall structure of a 10 tiple access ( NOMA ) scheme . In NOMA , signals for a 

plurality of user terminals UE are non - orthogonal - multi user terminal according to an embodiment of the present plexed over the same radio resource by changing transmis invention ; and sion power depending on channel gain ( for example , the FIG . 20 is a diagram to explain a functional structure of RSRP ( Reference Signal Received Power ) ) , path loss and so a user terminal according to an embodiment of the present 15 on ut of the present 15 on . Consequently , unlike orthogonal multiplexing schemes 
invention . such as OFDMA , interference may be produced between 

subcarriers ( carrier waves ) ( also referred to as “ inter - carrier DESCRIPTION OF EMBODIMENTS interference ” ( ICI ) ) . 
Note that , in the frequency direction , the data rate can be 

Now , an embodiment of the present invention will be 20 improved by increasing the radio resources . For example , a 
described below in detail with reference to the accompany - plurality of a frequency bands can be bundled and used by 
ing drawings . means of spectrum aggregation techniques such as carrier 

In radio communication systems , there is a demand for aggregation , dual connectivity and so on . 
further increase of cell throughput ( the total throughput of To provide radio resources densely in the time direction , 
all user terminals in a cell ) . The maximum throughput per 25 it is possible to use non - orthogonal multiple access that is 
user terminal depends primarily on the scheduling method apart from the one described above . For example , the 
( range ) which the radio base station applies to each user principle of FTN ( Faster - Than - Nyquist ) is applied as a 
terminal . In LTE systems , various throughput - improving non - orthogonal multiple access scheme . FTN refers to mul 
techniques are under study . tiplexing symbols at a faster symbol rate than the Nyquist 
MIMO ( Multiple Input Multiple Output ) - based spatial 30 rate . The Nyquist rate refers to the uppermost symbol rate at 

multiplexing ( SDM : Spatial Division Multiplexing ) is one which symbols that are communicated in a finite band ( for 
of the most promising techniques to improve throughput and example , the LTE system band ) can be decoded uniquely . In 
spectral efficiency in LTE systems . MIMO SDM refers to a this case , interference ( also referred to as “ inter - symbol 
scheme of spatially multiplexing and communicating signals interference ” ( ISI ) ) may be produced between information 
( streams ) by using a plurality of transmitting / receiving 35 symbols . 
antennas . For example , LTE ( Rel . 8 LTE ) can achieve a peak Existing mobile communication schemes ( orthogonal 
data rate of 300 Mbps or higher by means of MIMO SDM multiple access ) are configured so that interference between 
with maximum four antennas . Also , in LTE - A ( Rel . 10 LTE ) , information symbols ( also referred to as “ inter - symbol inter 
a peak data rate of 1 Gbps or higher can be achieved by ference ” ( ISI ) ) and ICI are prevented by multiplexing infor 
means of single - user / multi - user MIMO SDM with maxi - 40 mation symbols over resources that are orthogonal in the 
mum eight antennas . time and frequency domains at a rate equal to or lower than 

Also , in LTE systems , inter - base station coordinated the Nyquist rate . Meanwhile , since communication schemes 
( COMP : Coordinated Multi - Point ) transmission / reception is to employ FTN become non - orthogonal multiple access 
also under study . In COMP transmission / reception , a plural schemes and the number of information symbols per time 
ity of transmitting / receiving points coordinate and transmit / 45 can be increased in comparison with orthogonal multiple 
receive signals to / from user terminals . That is , by using access , these communication schemes still suffer the impact 
radio resources ( time , frequency and power resources and / or of ISI ( interference in the time domain ) and ICI ( interference 
the like ) of multiple nodes ( cell sites ) , it becomes possible in the frequency domain ) . Note that the information symbols 
to improve the throughput of , in particular , cell - edge user refer to symbols that are provided by modulating predeter 
terminals . Still , since a plurality of cells ' radio resources are 50 mined bit sequences , including data symbols , control infor 
used for one user terminal , it is necessary to consider the mation symbols and so on . 
tradeoff with cell throughput , and , furthermore , fast sched - FIG . 1 provide diagrams to explain signal communication 
uling between cells is important . at or below the Nyquist rate , and signal communication in 

To achieve an increased peak data rate , it is effective to FTN . The waveforms W1 and W2 in FIG . 1A represent 
multiplex physical channels densely . As to how to provide 55 symbols that are multiplexed at a rate equal to or lower than 
physical channels in a high density , the spatial direction , the the Nyquist rate ( for example , multiplexed at the Nyquist 
frequency direction , the time direction and so on may be interval ) . If each waveform is sampled at the point in time 
possible . the highest intensity is exhibited , it is possible , in effect , to 

To provide radio resources densely in the spatial direction , disregard the intensity of the other signal . On the other hand , 
the antenna space or the signal space has to be expanded . 60 the waveforms W1 to W4 of FIG . 1B represent symbols that 
The antenna space can be expanded by increasing the are multiplexed in FTN ( for example , multiplexed at 1 / 2 
number of antennas in above - described MIMO multiplex - intervals of the Nyquist interval ) . In this case , in the sam 
ing . For example , although MIMO SDM with maximum pling time of W1 ( for example , the time the signal intensity 
eight antennas is employed in LTE - A , it is possible to is the highest ) , the symbols of W3 and W4 produce ISI 
increase the number of antennas even more ( for example , to 65 and / or ICI . 
24 to 36 ) . Also , it may be equally possible to introduce This problem will be described using a more conceptual 
polarized antennas for the antennas , and apply vertically example . FIG . 2 is a conceptual diagram of OFDM symbols 
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and FTN symbols . Here the FTN symbols are symbols FIG . 4 is a diagram to explain an example of an arrange 
multiplexed at a symbol rate faster than the Nyquist rate . ment of OFDM / OQAM signal points . FIG . 4 shows fre 
Note that FIG . 2 shows a case where no cyclic prefix ( CP ) quency and time resources , and , furthermore , shows in 
is assigned to each symbol . phase components that are arranged at intervals ( = T / 2 ) half 

In OFDM , the OFDM symbol duration is equal to the 5 the OFDM symbol cycle T ( OFDM symbol interval ) . FIG . 
length of FFT blocks , and also equal to the OFDM symbol 4 shows a method of mapping the original in - phase com 
interval as well . Consequently , if “ multipath ” of communi ponents ( black circles ) and quadrature components ( white 
cation paths is not taken into account , no ISI is produced . circles ) of OFDM symbols to the in - phase components of 
Also , basically , ICI is not produced either . OFDM / OQAM symbols , alternately . 

In the event of FTN , although the FTN symbol duration 10 Also , in FIG . 3 , the method of performing mapping 
conversion of FTN symbols to OFDM / OQAM symbols is a is equal to the length of FFT blocks , the FTN symbol method of projecting FTN symbols on OFDM / OQAM sym interval is shorter than the OFDM symbol interval . Conse bols and applying an IFFT . With this generation method , the quently , ISI is produced . Also , looking at a predetermined FTN mapping / demapping process increases following an symbol period , since ISI is produced before and after , ICI is ter , 10 . 15 15 increase in the efficiency of FTN multiplexing , so that the also produced due to the discontinuity of the carrier fre volume of calculation is a little complex ( medium ) . To quency . change the efficiency of FTN multiplexing , the projection 

In view of the above , an interference canceller to cancel coefficient table needs to be changed . Meanwhile , since 
ISI and ICI is essential to the FTN receiver for performing normal OFDM can be implemented by not employing FTN 
the receiving processes of FTN signals . For example , a turbo 20 mapping , normal OFDM signals and FTN signals can be 
soft interference canceller ( SIC ) , which performs the itera switched in a flexible manner . 
tive process of generating estimated soft decision values of Now , in existing LTE systems and wireless LANs , stag 
interfering symbols from a linear minimum mean - square gered arrangement , in which reference signals ( RSs ) for 
error ( LMMSE ) interference reduction canceller , and the channel estimation are aligned alternately , is used . For the 
log - likelihood ratio ( LLR ) of each bit of decoder output , and 25 reference signals , for example , the CRS ( Cell - Specific Ref 
subtract these from received signals , is suitable from the erence Signal ) , the CSI - RS ( Channel State Information 
perspective of performance and the volume of calculation . Reference Signal ) , the DM - RS ( DeModulation - Reference 
Meanwhile , as for the method of generating FTN signals , Signal ) and so on may be used . According to staggered 

for example , the methods illustrated in FIG . 3 are under arrangement , it is possible to accurately estimate frequency 
study . FIG . 3 is a diagram to explain the characteristics of 30 selective fading due to multipath , time - selective channel 
FTN signal generation methods . variations ( Doppler shift ) determined by the speed user 

In FIG . 3 , the method to use the inverse fast fractional terminals move . 
Fourier transform ( IFFrFT ) is a method to directly generate F IG . 5 is a diagram to explain an example of allocating 
FTN symbols that are subject to inter - symbol interference . reference signals of a plurality of antenna ports to radio 
This generation method can be implemented with one 35 resources in a staggered arrangement . FIG . 5 shows one RB 
IFFFFT section , the IFFrFT calculation makes use of a kernel ( resource block ) , which is the minimum unit of radio 
function , so that the volume of calculation is a little complex resources subject to frequency scheduling . One RB is com 
( medium ) . To change the efficiency of FTN multiplexing p rised of 12 subcarriersx14 symbols . Also , the radio 
( how much each FTN symbol overlaps each other in time resource region to occupy one subcarrierxone symbol is 
and is multiplexed ) , the kernel function needs to be changed . 40 referred to as an RE ( resource element ) . 
Also , since the IFFrFT is used instead of the inverse fast In FIG . 5 , reference signal RS # 1 is arranged in symbols 
Fourier transform ( IFFT ) , normal OFDM signals and FTN # 1 and # 8 of subcarriers # 1 and # 7 , and in symbols # 5 and 
signals cannot be switched flexibly . # 12 of subcarriers # 4 and # 10 . Also , reference signal RS # 2 

In FIG . 3 , the method to use a plurality of IFFTs is a is arranged in symbols # 1 and # 8 of subcarriers # 4 and # 10 , 
generation method to add time domain signals that have 45 and in symbols # 5 and # 12 of subcarriers # 1 and # 7 . Also , 
been subjected to an IFFT , to OFDM / OQAM ( or OFDM ) reference signals RS # 3 and RS # 4 are also arranged , in a 
symbols . With this generation method , the number of IFFTs staggered arrangement , in resources that are different from 
increases following an increase in the efficiency of FTN those of the other reference signals . 
multiplexing , and symbol ( subcarrier ) - shifting pre - process - In existing radio communication systems , orthogonal 
ing is required , so that the amount of calculation is com - 50 multiple access such as OFDMA is used , so that staggered 
paratively large . To change the efficiency of FTN multiplex - arrangement is suitable for reference signals . However , 
ing , the number of IFFTs needs to be changed . Also , since when FTN is employed , FTN symbols in predetermined 
a plurality of IFFTs are used , normal OFDM signals and subcarrier locations cause significant ICI upon FTN symbols 
FTN signals cannot be switched in a flexible manner . Note in many subcarrier locations on both sides . 
that normal OFDM signals ( normal OFDM / OQAM signals ) 55 Consequently , when staggered RS multiplexing is used in 
refer to signals in which symbols are multiplexed at a FTN , the reference signals suffer significant ICI from other 
symbol rate equal to or lower than the Nyquist rate . FTN symbols , which results in increased errors in channel 
Here , OFDM / OQAM ( Offset Quadrature Amplitude estimation . Also , when the symbol arrangement is adjusted 

Modulation ) refers to the method of multiplexing ( mapping ) so that ICI is not caused against staggered RSs , the infor 
the in - phase components and quadrature components of 60 mation symbols to which FTN can be applied are very 
OFDM symbols of a symbol cycle ( symbol interval ) T on limited , and the effect of improving spectral efficiency by 
in - phase components alone , at intervals half of the OFDM means of FTN cannot be achieved . 
symbol cycle ( = T / 2 ) . Consequently , although OFDM In view of the above , when staggered RS multiplexing is 
OQAM achieves a symbol rate that is twice that of OFDM , used with FTN , interference against reference signals is the 
information of one OFDM symbol is communicated using 65 problem . 
two OFDM / OQAM symbols , so that the information bit rate In order to solve this problem , the present inventors have 
is the same as that of OFDM . come up with the idea of orthogonal - multiplexing predeter 
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mined symbols so as not to suffer ISI and ICI from FTN In order to prevent the bits encoded in the channel coding 
symbols in a radio communication system in which FTN is section 301 from getting lost in bursts , the interleaver 302 
used . To be more specific , the present inventors have come inter - leaves the bits and outputs the result to the modulation 
up with the idea of time - division - multiplexing ( TDM ) trans - mapping section 303 . 
mission signals over a first radio resource region in which 5 The modulation mapping section 303 performs modula 
symbols are multiplexed at a rate equal to or lower than the tion mapping ( data modulation ) of the bits interleaved in the 
Nyquist rate , and over a second radio resource region where interleaver 302 . As for the modulation scheme , for example , 
symbols are multiplexed at a faster rate than the Nyquist digital modulation schemes such as QPSK ( Quadrature 
rate . Phase Shift Keying ) , 16QAM ( Quadrature Amplitude 

According to this configuration , interference ( ICI , ISI , 10 Modulation ) , 64QAM can be used . Although QPSK is used 
etc . ) against the symbols in the first radio resource region with the present embodiment , this is by no means limiting . 
can be reduced . Also , since reference signal symbols are Note that the channel coding sections 301 and the modu 
multiplexed in the first radio resource region as symbols , it lation mapping section 303 can determine the channel 
is possible to reduce the impact of interference in the radio , coding rate and the modulation scheme based on channel 
resource locations where the reference signals are allocated . state information ( CSI ) that is fed back from the FTN 
Now , the transmitting / receiving processes in the event receiver , and perform the channel coding process and the 

FTN is applied to OFDM / OQAM will be described with a modulation process in accordance with the channel coding 

first embodiment , and TDM in the first radio resource region rate and the modulation scheme . 
The OQAM mapping section 304 applies OQAM map and the second radio resource region will be described with 20 ping ( OQAM conversion ) to the input from the modulation a second embodiment . Note that the first radio resource mapping section 303 , and outputs the result to the FTN region will be hereinafter referred to as the " orthogonal mapping section 305 . According to the present embodiment multiplexing part , " and the second radio resource region will symbols having been subjected to OQAM conversion are 

be referred to as the “ non - orthogonal multiplexing part . ” densely multiplexed in FTN ( that is , arranged at a symbol 
25 rate faster than the Nyquist rate ) and therefore will also be First Embodiment referred to as “ FTN symbols . " 

The FTN mapping section 305 applies FTN mapping to 
The first embodiment pertains to the transmitting / receiv the FTN symbols input from the OQAM mapping section 

ing processes in the event FTN is applied to OFDM / OQAM . 304 . and outputs the result to the IFFT section 306 . By 
For ease of explanation , a case will be described below 30 means of FTN mapping , the OFDM / OQAM symbols to be 
where signals , to which FTN is applied , are transmitted from actually transmitted are generated . That is , a plurality of 
the transmitting end ( FTN transmitter ) , provided with an FTN symbol signals are superimposed in each OFDM / 
FTN transmission processing section 300 , to the receiving OQAM symbol . The FTN mapping will be described in 
end ( FTN receiver ) , provided with an FTN reception recep - greater detail later . 
tion processing section 400 . For example , a structure may be » The IFFT section 306 converts the OFDM / OQAM sym 
employed here in which a radio base station is used as the bols having been subjected to FTN mapping in the FTN 
FTN transmitter and a user terminal is used as the FTN mapping section 305 into time domain signals by applying 
receiver . However , the above configuration is by no means an IFFT , and outputs the result to the transmission filter 307 . 
limiting , and any radio communication method may be used an The transmission filter 307 applies band limitation to the 
as long as the steps of processes for implementing the FTN 40 signals converted in the IFFT section 306 by using a 
transmission processing section 300 and the FTN reception transmission filter , and outputs the result as transmission 

signals . Although , according to the present embodiment , an reception processing section 400 are provided . For example , IOTA ( Isotropic Orthogonal Transform Algorithm ) filter is when the user terminal can transmit OFDMOQAM signals , used as the transmission filter , this is by no means limiting . a configuration may be employed in which the user terminal 45 The band limitation by the transmission filter will be has the FTN transmission processing section 300 and the described later . radio base station has the FTN reception reception process ( FTN Mapping ) 
ing section 400 . Now , an embodiment of the present invention will be ( FTN Transmission Processing Section ) described below in detail with reference to the accompany 

FIG . 6 shows an example of a transmission processing 50 ing drawings . FIG . 7 is a conceptual diagram to explain the 
section for signals applying FTN to OFDM / OQAM accord - concept of the mapping process of FTN symbols to OFDM / 
ing to a first embodiment . The FTN transmission processing OQAM symbols according to the first embodiment . With the 
section 300 is comprised at least of a channel coding first embodiment , the FTN symbols are represented as an 
sections 301 , an interleaver 302 , a modulation mapping orthogonal basis function of the OFDM / OQAM symbol 
section 303 , an OQAM mapping section 304 , an FTN » interval , thereby making the conventional IFFT applicable . 
mapping section 305 , a multi - carrier modulation ( IFFT ) As shown in FIG . 7 , in OFDM / OQAM , generally , OFDM 
section 306 and a transmission filter ( IOTA filter ) 307 . Note i n - phase components and quadrature components are 
that it is equally possible to employ a structure in which mapped only to in - phase components of a cycle half the 
more than of every section is provided so that parallel OFDM symbol cycle T ( = T / 2 ) . A transmission signal s ( t ) by 
processing can be executed . Also , a structure may be OFDM / OQAM can be represented in by an equation 1 . 
employed in which a plurality of transmission signals can be 
transmitted in parallel . 

N - 1 ( Equation 1 ) The channel coding sections 301 applies error correction 
coding ( channel coding ) to transmission bits that are 65 
received as input , and outputs the result to the interleaver 
302 . For example , turbo code can be used in channel coding . 

na + T . 27kt s ( ) = Ï Ï * * , , p ( e – La leyen s ( t ) = ' k + lr XLplt 
~ KUPI 

l = - ok = 0 
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In equation 1 , k and 1 are the subcarrier index and the in the location of a subcarrier k and a symbol 1 to a subcarrier 
symbol index , respectively . Xx . is a data symbol of a realm and a symbol n of the orthogonal basis function ( t ) . 
number value having only an in - phase component to which By using the projection coefficient Ck . lm . n , the FTN signal 
a phase offset ik + l is applied . p ( t ) is a rectangular signal of of equation 3 can be represented by an equation 6 . 
cycle T in the event of an OFDM signal . 5 

On the other hand , in the event of a transmission signal to 
N - 1 ( Equation 6 ) which FTN is applied , the symbol interval is T _ T / 2 and the Xk , Ck , l , m , n & m , n ( t ) subcarrier interval is FA / T , with respect to FTN symbols 

using OFDM / OQAM . Here , T , is the compression factor of 
the time domain symbols of FTN signals , and F , is the 10 
compression factor of the frequency domain symbols of As described above , the FTN mapping section 305 con 
FTN signals . Note that the product of the symbol interval verts the FTN symbol X1 , 7 of a symbol interval T _ T / 2 and a 
and the subcarrier interval of FTN symbols becomes T F / 2 . subcarrier interval FA / T into an OFDM / OQAM symbol x ' m . n 

of a symbol interval T / 2 and a subcarrier interval FX / T by Assuming that T is the Nyquist interval , T _ F _ = 1 gives 15 applying an equation 7 . That is , the FTN mapping section normal OFDM / OQAM signals , and T F < 1 gives FTN 305 maps a symbol ( FTN symbol ) , in which the product of signals . the symbol interval and the subcarrier interval ( T F / 2 ) is 
Also , with the present embodiment , waveform shaping less than 1 / 2 , to an OFDM / OQAM ( Orthogonal Frequency 

( band limitation ) is executed by applying a Gaussian filter to Division Multiple Access / Offset Quadrature Amplitude 
FTN signals in order to increase the locality of time and Modulation ) symbol , in which the product of the symbol 
frequency . interval and the subcarrier interval is 1 / 2 . 

In view of the above , an FTN symbol waveform gkat ) 
having been subjected to band limitation using a Gaussian 
filter g ( t ) can be represented by an equation 2 . xmin = Xk1 , 4 Cklu ' ? m , n + Xk2 , 12 Ck2 , l2 , m , n + ( Equation 7 ) 

Xk3 . 13 Ck3 , 13 , m , n + . . . 
( Equation 2 ) 84 , 4l ) = f * + g ( 1 – 17 . I les 2h East 

25 

= > xpdg kepala min 
P , 

From equation 1 and equation 2 , an FTN signal having 30 
been subjected to band limitation through a Gaussian filter 
g ( t ) can be represented by an equation 3 . 

In equation 7 , p and q are the numbers of time directions 
and frequency directions of the symbol to use in projection . 

From equation 6 and equation 7 , an FTN signal can be 
further represented by an equation 8 . 

s ( t ) = ( Equation 3 ) 35 
N - 1 o N - 1 N - 1 ( Equation 8 ) £ £ 144840 ) = Ž Ž * xu8 { e = era un depan sto = muatemala { = - k = 0 = - k = 0 n = - m = 0 

In order to make the conventional IFFT applicable to the 40 FIG . 8 shows an example of an FTN mapping configu 
FTN signal of equation 3 , in the FTN mapping of the first ration in the event of p = 3 and q = 3 . In this example , from a 
embodiment , the FTN symbol waveform gk . j ( t ) is repre - total of nine FTN symbols Xk + 1 . 1 + 1 , X2 . 1 + 1 , XK - 1 . 1 + 1 , XK + 1 , 19 Xk , le 
sented by an orthogonal basis function of the OFDM Xx - 1 , 2 , XK + 1 , 1 - 1 , XK , 1 – 1 and Xx - 1 , 1 – 1 one OFDM / OQAM symbol 
OQAM symbol interval . The time waveform { Amn ( t ) } of x ' is generated . Although FIG . 8 shows a structure in 
this orthogonal basis function is defined with an equation 4 . 43 which the conversion of equation 7 is executed with delay 

elements , multipliers and adders , this structure is by no 
means limiting . 

( Equation 4 ) Amu ( t ) = zhurofi - na berzeum ( Band Limitation Using Transmission Filter ) 
Now , the band limitation by the transmission filter 307 of 

FIG . 6 will be described below in detail . With the first 
In equation 4 , m and n represent the subcarrier index and embodiment , as the above - described orthogonal basis func 

the symbol index of the orthogonal basis function , respec tion Omn ( t ) , an IOTA pulse ( IOTA window function ) is used , 
tively . instead of the rectangular window that is used in normal 

The FTN symbol waveform of equation 2 having been 55 OFDM , in order to improve t OFDM , in order to improve the locality of the projection of 
subjected to band limitation using a Gaussian filter can be can be an FTN symbol on the basis function . This can be imple 
projected on the orthogonal basis function of equation 4 by mented by applying an IOTA filter to the IFFT waveform . 
using a projection coefficient ( FTN mapping coefficient ) When , as in OFDM , the sine wave of a rectangular 
Ck , 1 , m . n . As shown in an equation 5 , Cki , m , n can be calculated window is used for the orthogonal basis function — that is , 
from the inner product of g , ( t ) of equation 2 and ( t ) of an when Q ( t ) = rect ( t ) ( rect ( t ) is a rectangular function ) — the 
equation 4 . transmission signal s ( t ) can be represented by an equation 9 . 

oo N - 1 ( Equation 9 ) T2mt Y + n s ( t ) = xmnrectlt - Elet 
Ck , l , m , n = { 8 } , { D ) , Amp ( ) ) = R { sg } , ( ) 4m . * ( t ) dt } ( Equation 5 ) 

where R { z } is the real part of the complex number z , and 
Amn * is the conjugate of Am . n . 65 

In other words , the projection coefficient Ck , l , m . n is the 
interference factor as caused from the FTN symbol arranged 

n = - m = 0 
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The frequency domain waveform of the sine wave of the holds . 
rectangular window is a sinc function , so that when FTN Equation 11 represents that an IOTA filter is applied to 
symbols are projected on OFDM / OQAM symbols , the sub - X ' > ( pT ) , which represents the signal part after the IFFT . 
carrier interference ( ICI ) stretches over a wide range . ( FTN Reception Reception Processing Section ) 
When the frequency and time region for FTN mapping is 5 FIG . 11 shows a reception reception processing section 

expanded by increasing p and / or q ( equation 7 ) , ICI can be for signals applying FTN to OFDM / OQAM , according to 
reduced , but the amount of calculation increases . Also if the the first embodiment . The FTN reception reception process 
frequency and time region for FTN mapping expands , the ing section 400 is comprised at least of a receiving filter 
power of each FTN symbol multiplexed in the locations of ( IOTA filter ) 401 , a multi - carrier demodulation / demultiplex 
OFDM / OQAM symbols becomes very low . Consequently , " ing ( FFT ) section 402 , an FTN demapping section 403 , an 
if the FTN receiver actually carried out channel estimation OQAM demapping section 404 , an LLR calculation section 
using the OFDM / OQAM symbols , there is a threat that the 405 , a deinterleaver 406 , a channel decoding section 407 , an 
accuracy of soft decision symbol estimation values accord interleaver 412 , a soft decision symbol estimation value 
ing to the turbo SIC deteriorates . generating section 414 , an OQAM mapping section 415 , a 
On the other hand , when an IOTA pulse is used for the soft decision symbol estimation value generating section orthogonal basis function , the transmission signal s ( t ) can be 421 for interfering symbols , an FTN mapping section 422 , represented by an equation 10 . and a combining section 423 . Note that a structure may be 

employed in which more than one of each section is pro 
1 20 vided so that parallel processing can be executed . For 

example , in FIG . 11 , the FFT sections 402 and / or others are 
capable of parallel processing . Also , the FTN reception 
reception processing section 400 may have a function for 

where I ( t ) is an IOTA window function — that is , the IOTA estimating channel response . 
filter ' s time response ( impulse response ) . 25 The receiving filter 401 applies an IOTA filtering process 

The IOTA filter is basically a Gaussian function , so that a to a received signal that is input , and outputs the result to the 
time response and a frequency response of the same shape FFT section 402 . 
can be implemented . FIG . 9 is a diagram to show an example The FFT section 402 applies multi - carrier demodulation / 
of a time response of an IOTA filter . In FIG . 9 , To is the demultiplexing by way of an FFT , converts the time domain 
OFDM / OQAM symbol duration . As shown in FIG . 9 , the signal into a frequency domain signal , and outputs the 
IOTA filter exhibits good convergence performance in the symbols of each subcarrier location in OFDM / OQAM to the 
time domain . combining section 423 . 

FIG . 10 is a diagram to show examples of frequency The combining section 423 subtracts the soft decision 
responses when the IOTA and rectangular window functions symbol estimation value of an interfering symbol , which 
are used , respectively . These examples presume LTE radio 
parameters , and the OFDM / OQAM subcarrier intervals is FFT process in the FFT section 402 , and outputs the result 
30 kHz ( the original OFDM subcarrier interval is 15 kHz ) . to the FTN demapping section 403 . Note that the combining 
As shown in FIG . 10 , when an IOTA function is employed , section 423 may be configured to output the received signal 
it is possible to reduce the leakage of power to neighboring - after the FFT process on an as - is basis , by subtracting 0 or 
subcarriers , compared to when an rectangular function is 40 by performing no process , when there is no soft decision 
employed . symbol estimation value of interfering symbol that is cal 

As described above , by applying an IOTA filter , it is culated , such as during the first round of the turbo SIC 
possible to achieve good convergence performance in the process . 
time and frequency domains . Consequently , from the per The FTN demapping section 403 applies a demapping 
spective of reducing the amount of calculation in the FTN 43 process for reconstructing FTN symbols to the OFDM 
mapping section ( equation 7 ) and improving the accuracy of OQAM symbols that are input from the combining section 
soft decision symbol estimation values by the turbo SIC , 423 , by using a matched filter ( MF ) , and outputs the FTN 
with the first embodiment , the spread of FTN symbols over symbols to the OQAM demapping section 404 . In FTN 
OFDM / OQAM symbols is narrowed and the interference demapping , it is preferable to use the same projection 
power is made more localized , by applying an IOTA filter . » coeflicient Ck . l . mn as that used in the FTN mapping section 

If the number of IFFT / FFT sampling points is N and the 305 of the FTN transmitter . An FTN symbol in the location 
IFFT / FFT sampling cycle is T ( = T / N ) , equation 10 can be of a subcarrier k and a symbol 1 after FTN demapping can 
modified , by using an integer p , as shown in an equation 11 . be represented by an equation 12 . 

55 
( Equation 11 ) # k , 1 = Ckim . nh " hm , nimn + nikt ( Equation 12 ) 

s ( pr . ) = Š 3 ( pr . – n ) x627 m . n 

n = 

where 

N - 1 

60 where Ñ * is the conjugate of the estimated value of channel 
response . hm . n is the channel response in the location of a 
subcarrier m and a symbol n . When channel response is 
estimated by using reference signals , since , generally , chan 
nel response is averaged over one subframe and a number of 

65 subcarrier periods , hm . n = h can be assumed within the FTN 
mapping range ( = N , xN . ) . N , and N , represent the ranges of 
OFDM / OQAM symbols in the time and frequency domains 

20mt X50 = pron momentu 7 + N 

m = 0 
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where the FTN symbol causes ISI and ICI . Also , n ' k , is the ting end ( the interleaver 302 and the OQAM mapping 
noise component in the FTN symbol location after demap - section 304 ) , and therefore will not be described again . 
ping . Also , in FIG . 11 , the soft decision symbol estimation 

As shown in equation 12 , by gathering FTN symbols that value generating section 414 generates the soft decision 
are mapped in a plurality of OFDM / OQAM symbol loca - 5 symbol estimation values in all OFDM symbol ( or OFDM / 
tions , FTN symbols of interest are reconstructed . By using OQAM symbol ) locations in all subcarriers based on the 
equation 7 , the FTN symbol in the location of a symbol 11 LLR of each information bit and parity bit output from the 
in a subcarrier k , in equation 12 can be represented by an interleaver 412 
equation 13 . Also , the soft decision symbol estimation value generat 

10 ing section 421 for interfering symbols generates the soft 
decision symbol estimation values of interfering symbols 

( Equation 13 ) based on the FTN symbols output from the OQAM mapping 
section 415 . The soft decision symbol estimation values of 
interfering symbols refer to the soft decision estimation 

15 values of the information symbols in symbol locations in all 
subcarriers from which interference may be caused against 

» Xkpala Ckp , q , m , n + nk1 , 11 predetermined information symbols of interest . To be more 
( kp lal # k1 , 41 ) specific , the soft decision symbol estimation value generat 

ing section 421 for interfering symbols calculates signals by 
In equation 13 the first term in parentheses on the right 20 subtracting the soft decision symbol estimation value of a 

side represents the FTN symbol of interest in the location symbol of interest from all of the soft decision symbol 
estimation values generated in the soft decision symbol ( k? , 11 ) . Also , the second term in parentheses represents the estimation value generating section 414 . ISI and ICI from other FTN symbols in the location ( k? , 11 ) In loops apart from the final iteration by the turbo SIC , the of the FTN symbol . As can be seen in equation 13 , the FTN 25 a - posteriori LLRs of encoded bits are used to generate the symbol in a predetermined location suffers the impact of ISI soft decision symbol estimation value of each transmission and ICI from other FTN symbols in the course of the stream . Note that , although , normally , external LLRs are demapping process . used to generate soft decision symbol estimation values , it is 

Given the FTN symbol input from the FTN demapping preferable to use a - posteriori LLRs with the first embodi 
section 403 , the OQAM demapping section 404 acquires a 30 ment . When the interference level is high , a better error rate 
modulated symbol through OFDM / OQAM demapping . can be achieved by using a - posteriori LLRs than by using 
Also , the modulated symbol is subjected to a demodulation external LLRs . 
process , and output to the LLR calculation section 405 . The FTN mapping section 422 maps the symbol estima 

Based on the demodulated symbol input from the OQAM tion values of subcarrier locations to cause interference 
demapping section 404 , the LLR calculation section 405 35 against a symbol of interest based on the soft decision 
calculates a - posteriori log - likelihood ratio ( a - posteriori symbol estimation values of interfering symbols ( equation 
LLR ) , and outputs this to the deinterleaver 406 . For 7 ) . The configuration of FTN mapping may be made the 
example , the a - posteriori LLR may be calculated using a same as in the FTN mapping section 305 . 
max - log - MAP decoder . Note that it is preferable , before Then , the combining section 423 subtracts , from the 
calculating the LLR , to apply a linear minimum mean - 40 received signals having been subjected to the FFT process in 
square error ( LMMSE ) interference reduction filter . the FFT section 402 , the soft decision symbol estimation 

The deinterleaver 406 de - interleaves the symbol demodu - values of interfering symbols output from the FTN mapping 
lated in the LLR calculation section 405 , and outputs the section 422 . By this means , the impact of ISI and ICI upon 
result to the channel decoding section 407 . the symbol of interest can be reduced . 

The channel decoding section 407 calculates the a - pos - 45 When the process of subtracting the soft decision symbol 
teriori LLRs of the information bits and the parity bits from estimation values of interfering symbols is applied to all of 
the symbol deinterleaved in the deinterleaver 406 . the information symbols , one round of the iterative process 

With the first embodiment , turbo SIC - based interference is complete . In the next round of the iterative process , the 
cancellation is applied in order to separate each modulated process of the FTN demapping section 403 and later pro 
symbol . To be more specific , the iterative process of gen - 50 cesses are applied again to signals output from the preceding 
erating a soft decision estimation value of an interfering re iterative process . 
symbol based on the a - posteriori LLR and subtracting this In the final iterative loop by the turbo SIC , the a - posteriori 
from received signals is performed . As for configuration of LLR of the max - log - MAP decoder output is subjected to 
the turbo SIC , after a number of symbols to match the hard decision , thereby reconstructing the transmitting bit 
number of receiving diversity branches are combined in - 55 sequences ( decoding bits ) . When the number of iterations 
phase , the a - posteriori LLR of each bit may be calculated by for a predetermined received signal reaches a predetermined 
calculating the square Euclidian distances between the com number of times ( for example , Nitr times ) , the FTN reception 
bined signal and a receiving symbol replica of the combi reception processing section 400 may judge that the loop is 
nation of all transmission signals . the final iteration , and output decoding bits . 
When iterative decoding is performed with the turbo SIC , 60 As described above , according to the first embodiment , 

a transmission signal is generated by performing the same FTN is implemented with OFDM / OQAM symbols , so that 
process as in the FTN transmission processing section 300 throughput can be improved compared to normal OFDM . 
by using the information symbols output from the channel 
decoding section 407 , and soft decision symbol estimation Second Embodiment 
values of interfering symbols are generated . The interleaver 65 
412 and OQAM mapping section 415 may be configured the According to a second embodiment , time - division - multi 
same as for the above - described processes on the transmit - plexing ( TDM ) is executed over a first radio resource region 

159 



15 
US 10 , 177 , 887 B2 

16 
( orthogonal multiplexing part ) where symbols are multi - in the orthogonal multiplexing part vary per subframe . FIG . 
plexed at a rate equal to or below the Nyquist rate and a 14 is a diagram to show an example of a specific symbol 
second radio resource region ( non - orthogonal multiplexing arrangement in reference signal multiplexing according to 
part ) where symbols are multiplexed at a faster rate than the the second embodiment . FIG . 14 shows a configuration in 
Nyquist rate , and reference signals are allocated to the 5 which reference signal or control information symbols are 
orthogonal multiplexing part . allocated to the orthogonal multiplexing part allocated in 

According to the second embodiment , normal OFDM ( or symbol # 1 in each subframe , and in which the subcarrier 
OFDM / OQAM ) is applied to the time ( symbols ) where the locations of reference signal symbols vary between sub 
orthogonal multiplexing part is configured , and FTN is frames . 
applied to the time ( symbols ) where the non - orthogonal 10 Also , the orthogonal multiplexing part , reference signal 
multiplexing part is configured . By this means , it is possible symbols pertaining to the same transmitting antennas may 
to reduce the impact of ISI and ICI from FTN symbols be multiplexed , or reference signal symbols to pertain to a 
against the radio resources where reference signals are plurality of different transmitting antennas may be multi 
allocated . plexed ( for example , in frequency division multiplexing 
Now , a case will be described below where the second 15 ( FDM ) ) . The latter configuration may be used when a 

embodiment is applied to the scheme of the first embodi - plurality of transmitting antennas ' RS symbols for multi 
ment . Note that the radio communication scheme to which antenna transmission / reception ( MIMO multiplexing ) or 
the second embodiment is applied has only to be a radio transmit diversity are multiplexed in the orthogonal multi 
communication scheme that employs FTN , and is by no plexing part . 
means limited to the scheme of the first embodiment . 20 FIG . 15 is a diagram to show an example of a specific 

FIG . 12 is a diagram to show an example of interference symbol arrangement in reference signal multiplexing 
which an FTN symbol in a predetermined subcarrier loca - according to the second embodiment . FIG . 15 shows a 
tion causes against OFDM / OQAM symbols in each subcar - configuration in which , in the orthogonal multiplexing part 
rier location . When FTN symbols are arranged as shown in allocated to symbol # 1 , which is the first symbol in each 
the lower part of FIG . 12 , for example , the FTN symbol at 25 subframe , reference signals RS # 1 to RS # 4 , which corre 
the center of the drawing may be mapped in FTN to a wide spond to transmitting antennas # 1 to # 4 , respectively , are 
range of OFDM / OQAM symbols . multiplexed in different subcarrier locations . 

The upper part of FIG . 12 shows the interference which According to the second embodiment , reference signals 
the FTN symbol at the center of the drawing causes against are arranged at least in part of the orthogonal multiplexing 
other OFDM / OQAM symbols . Here , the interference factor 30 part , and therefore channel estimation needs to be executed 
can be represented by , for example , the projection coefficient in other frequency and time resources . First , for the orthogo 
Ckl . mon of the first embodiment . In this way , FTN mapping , nal multiplexing part , channel estimation is executed in each 
may result in producing ICI may in OFDM / OQAM symbols subcarrier location along the frequency direction . For 
in many subcarrier locations . example , the channel response ( channel state ) in each sub 

FIG . 13 is a diagram to show an example of multiplexing 35 carrier location is estimated by interpolating ( for example , 
of reference signals according to the second embodiment . In by way of a weighted in - phase addition , the channel 
FIG . 13 , symbol # 1 , which is the first symbol in each response in each subcarrier location in the frequency 
subframe , is configured as the orthogonal multiplexing part , domain . As for the weight to use in interpolation , a fixed 
and reference signal symbols are allocated in regions within weighting coefficient , determined by a predetermined simu 
this orthogonal multiplexing part . On the other hand , sym - 40 lation , may be used , or a weighting coefficient to comply 
bols # 2 to # 14 in each subframe are configured as the with the minimum mean squared error ( MMSE ) principle 
non - orthogonal multiplexing part where FTN is applied , and may be used . 
symbols apart from reference signals ( for example , data When channel estimation in the orthogonal multiplexing 
symbols , control information symbols and so on ) are mul - part is complete , the channel responses in subcarrier loca 
tiplexed . In this way , according to the configuration to make 45 tions in the orthogonal multiplexing part in a given subframe 
the first symbol in each subframe the orthogonal multiplex - and the orthogonal multiplexing part in the next subframe 
ing part , it is possible to prevent the decrease of the following the given subframe are interpolated , thereby esti 
efficiency of FTN multiplexing , and reduce the impact of mating the channel response in each FFT block location in 
interference against the symbols in the orthogonal multi - the time domain . The weighting method may be the same 
plexing part . 50 method as that used in the frequency domain . Note that the 

Note that the symbol location where the orthogonal method of channel estimation in each FTT block location is 
multiplexing part is configured is by no means limited the by no means limited to the above - described one . 
first symbol , and may be any predetermined location within As described above , according to the second embodiment , 
a subframe . Also , the orthogonal multiplexing part is pref - an orthogonal multiplexing part where reference signal 
erably configured so that reference signals are multiplexed 55 symbols are multiplexed and a non - orthogonal multiplexing 
in a predetermined cycle . Still , a configuration may be part where FTN symbols are arranged are subjected to TDM . 
employed here in which the orthogonal multiplexing part By this means , it is possible to reduce the impact of ISI and 
assumes different symbol locations on a per subframe basis . ICI from FTN symbols against the radio resources where 
Also , a plurality of orthogonal multiplexing parts may be reference signals are allocated . 
configured in a subframe . For example , symbol # 1 , which is 60 ( Structure of Radio Communication System ) 
the first symbol in a subframe , and symbol # 14 , which is the Now , a structure of a radio communication system accord 
last symbol in the subframe , may be configured as orthogo - ing to an embodiment of the present invention will be 
nal multiplexing parts . Also , symbol # 7 and / or symbol # 8 , described below . In this radio communication system , the 
which are symbols located in the center of a subframe , may radio communication methods according to the above first 
be configured as an orthogonal multiplexing part as well . 65 embodiment and the second embodiment are used . 

Also , it is equally possible to employ a structure in which FIG . 16 is a schematic structure diagram to show an 
the subcarrier locations to arrange reference signal symbols example of the radio communication system according to an 



US 10 , 177 , 887 B2 
17 18 

embodiment of the present invention . As shown in FIG . 16 , the PUSCH . Also , in the radio communication system 1 , 
a radio communication system 1 is comprised of a plurality D2D discovery signals for allowing the user terminals 20 to 
of radio base stations 10 ( 11 and 12 ) , and a plurality of user detect each other may be transmitted using uplink resources . 
terminals 20 that are present within cells formed by each FIG . 17 is a diagram to show an overall structure of a 
radio base station 10 , and that are configured to be capable 5 radio base station 10 according to an embodiment of the 
of communicating with each radio base station 10 . The radio present invention . The radio base station 10 has a plurality 
base stations 10 are each connected with a higher station of transmitting / receiving antennas 101 for MIMO commu 
apparatus 30 , and are connected to a core network 40 via the nication , amplifying sections 102 , transmitting / receiving 
higher station apparatus 30 . sections ( transmitting sections ) 103 , a baseband signal pro 

In FIG . 16 , the radio base station 11 is , for example , a 10 cessing section 104 , a call processing section 105 and a 
macro base station having a relatively wide coverage , and communication path interface 106 . 
forms a macro cell C1 . The radio base stations 12 are , for User data to be transmitted from the radio base station 10 
example , small base stations having local coverages , and to a user terminal 20 on the downlink is input from the 
form small cells C2 . Note that the number of radio base higher station apparatus 30 to the baseband signal process 
stations 11 and 12 is not limited to that illustrated in FIG . 16 . 15 ing section 104 , via the communication path interface 106 . 
Also , a structure is equally possible in which any of the radio In the baseband signal processing section 104 , a PDCP 
base stations 11 and 12 is not provided . layer process , division and coupling of user data , RLC 

The macro cell C1 and the small cells C2 may use the ( Radio Link Control ) layer transmission processes such as 
same frequency band or may use different frequency bands . an RLC retransmission control transmission process , MAC 
Also , the macro base stations 11 and 12 are connected with 20 ( Medium Access Control ) retransmission control ( including , 
each other via an inter - base station interface ( for example , for example , an HARQ ( Hybrid ARQ ) transmission pro 
optical fiber , the X2 interface , etc . ) . cess ) , scheduling , transport format selection , channel cod 
Note that the macro base station 11 may be referred to as ing , an inverse fast Fourier transform ( IFFT ) process and a 

an “ eNodeB ” ( INB ) , a “ radio base station , ” a “ transmission precoding process are performed , and the result is forwarded 
point , " and so on . The small base stations 12 are radio base 25 to each transmitting / receiving section 103 . Furthermore , 
stations that have local coverages , and may be referred to as downlink control signals are also subjected to transmission 
“ RRHs ” ( Remote Radio Heads ) , “ pico base stations , processes such as channel coding and an inverse fast Fourier 
" femto base stations , " " home eNodeBs , " " transmission transform , and forwarded to each transmitting / receiving 
points , " " eNodeBs ” ( eNBs ) , and so on . section 103 . 

The user terminals 20 are terminals to support various 30 Each transmitting / receiving section 103 converts down 
communication schemes such as LTE , LTE - A and so on , and link signals , pre - coded and output from the baseband signal 
may include both mobile communication terminals and processing section 104 on a per antenna basis , into a radio 
stationary communication terminals . The user terminals 20 frequency band . Also , the transmitting / receiving sections 
can communicate with other user terminals 20 via the radio 103 constitute the transmission section of the present 
base stations 10 . Also , the user terminal 20 can each directly 35 embodiment . The amplifying sections 102 amplify the radio 
communicate ( i . e . D2D : Device - to - Device ) with other user frequency signals having been subjected to frequency con 
terminals 20 without involving radio base stations 10 . That version , and transmit the signals through the transmitting 
is , the user terminals 20 may have functions for directly receiving antennas 101 . 
transmitting / receiving device - to - device signals ( D2D sig - On the other hand , as for uplink signals , radio frequency 
nals ) such as D2D discovery , D2D synchronization and D2D 40 signals that are received in the transmitting / receiving anten 
communication signals . Note that , although D2D signals use nas 101 are each amplified in the amplifying sections 102 , 
SC - FDMA ( Single Carrier - Frequency Division Multiple converted into the baseband signal through frequency con 
Access ) as the fundamental signal format , this is by no version in each transmitting / receiving section 103 , and input 
means limiting . into the baseband signal processing section 104 . 

The higher station apparatus 30 may be , for example , an 45 In the baseband signal processing section 104 , user data 
access gateway apparatus , a radio network controller ( RNC ) , that is included in the baseband signals that are input is 
a mobility management entity ( MME ) and so on , but is by subjected to an inverse fast Fourier transform ( IFFT ) pro 
no means limited to these . cess , an inverse discrete Fourier transform ( IDFT ) process , 

In the radio communication system 1 , a downlink shared error correction decoding , a MAC retransmission control 
channel ( PDSCH : Physical Downlink Shared Channel ) , 50 receiving process , and RLC layer and PDCP layer receiving 
which is used by each user terminal 20 on a shared basis , processes , and forwarded to the higher station apparatus 30 
downlink control channels ( PDCCH ( Physical Downlink via the communication path interface 106 . The call process 
Control Channel ) , EPDCCH ( Enhanced Physical Downlink ing section 105 performs call processing such as setting up 
Control Channel ) , etc . ) , a broadcast channel ( PBCH : Physi - and releasing communication channels , manages the state of 
cal Broadcast Channel ) and so on are used as downlink 55 the radio base station 10 and manages the radio resources . 
channels . User data , higher layer control information and The interface section 106 transmits and receives signals to 
predetermined SIBs ( System Information Blocks ) are com - and from neighboring radio base stations ( backhaul signal 
municated in the PDSCH . Downlink control information ing ) via an inter - base station interface ( for example , optical 
( DCI ) is communicated by the PDCCH and the EPDCCH . fiber , the X2 interface , etc . ) . Alternatively , the communica 
Also , synchronization signals , MIB ( Master Information 60 tion path interface 106 transmits and receives signals to and 
Blocks ) and so on are communicated by the by the PBCH . from the higher station apparatus 30 via a predetermined 

Also , in the radio communication system 1 , an uplink interface 
shared channel ( PUSCH : Physical Uplink Shared Channel ) , FIG . 18 is a diagram to show a principle functional 
which is used by each user terminal 20 on a shared basis , an structure of the baseband signal processing section 104 
uplink control channel ( PUCCH : Physical Uplink Control 65 provided in the radio base station 10 according to an 
Channel ) and so on are used as uplink channels . User data embodiment of the present invention . As shown in FIG . 18 , 
and higher layer control information are communicated by the baseband signal processing section 104 provided in the 
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radio base station 10 is comprised at least of a control n as ( or antenna ports ) in the orthogonal multiplexing part , as 
section 501 , a transmission signal generating section 502 , an the information about the resources to allocate in time 
FTN transmission processing section ( transmission process division multiplexing . 
ing section ) 503 and a reference signal transmission pro The FTN transmission processing section 503 applies 
cessing section 504 . 5 FTN to the information symbols output from the transmis 

The control section 501 controls the scheduling of down sion signal generating section 502 , based on information 
link user data that is transmitted in the PDSCH , downlink about the non - orthogonal multiplexing part , which is 
control information that is communicated in one or both of reported from the control section 501 , and maps a transmis 

sion signal ( FTN signal ) , in which the information symbols the PDCCH and the enhanced PDCCH ( EPDCCH ) , down 
link reference signals and so on . Also , the control section 10 are multiplexed at a faster rate than the Nyquist rate , in the 

non - orthogonal multiplexing part , and outputs this signal . 501 also controls the scheduling of RA preambles transmit Note that the FTN transmission processing section 503 ted from user terminals 20 in the PRACH , uplink data that has only to be configured to be able to generate and output 
is communicated in the PUSCH , uplink control information FTN signals , and the FTN transmission processing section that is communicated in the PUCCH or the PUSCH , and 15 300 , which has been described with the first embodiment , uplink reference signals . Information about the scheduling may be used . Also , the FTN transmission processing section 
( allocation control ) of downlink signals and uplink signals is 503 may be configured to be capable of outputting normal 
reported to user terminals 20 by using downlink control OFDM signals ( OFDM / OQAM signals ) without applying 
signals ( DCI ) . FTN . 

The control section 501 controls the allocation of radio 20 The reference signal transmission processing section 504 
resources to downlink signals and uplink signals based on maps the reference signals output from the transmission 
command information from the higher station apparatus 30 , signal generating section 502 in the orthogonal multiplexing 
acquired via the communication path interface 106 , feed - part , based on information about the orthogonal multiplex 
back information ( for example , CSI ) transmitted from each ing part , which is reported from the control section 501 , and 
user terminal 20 , acquired via the transmitting / receiving 25 outputs a normal OFDM signal ( OFDM / OQAM signal ) . 
sections 103 . That is , the control section 501 functions as a The FTN signals and reference signals output from the 
scheduler . Note that , when a separate radio base station 10 FTN transmission processing section 503 and the reference 
or the higher station apparatus 30 functions as a supervisory signal transmission processing section 504 are transmitted to 
scheduler for a plurality of the radio base stations 10 , the the user terminals 20 via the transmitting / receiving section 
control section 501 may not be provided with scheduler 30 103 . 
functions . Note that the FTN transmission processing section 503 is 

The control section 501 controls the transmission signal configured to be capable of switching the output between 
generating section 502 , the FTN transmission processing FTN signals and normal OFDM signals ( OFDM / OQAM 
section 503 and the reference signal transmission processing signals ) , the FTN transmission processing section 503 may 
section 504 so that transmission signals are time - division - 35 then be configured to map the reference signals output from 
multiplexed ( TDM ) over a first radio resource region ( or the transmission signal generating section 502 , to the 
thogonal multiplexing part ) where OFDM / OQAM multiplex orthogonal multiplexing part , based on information about 
symbols are multiplexed and a second radio resource region the orthogonal multiplexing part , which is reported from the 
( non - orthogonal multiplexing part ) where FTN symbols are control section 501 . In this case , a structure to remove the 
arranged ( second embodiment ) . The control section 501 40 reference signal transmission processing section 504 may be 
preferably executes control so that signals to be communi employed . 
cated with high quality are mapped to the orthogonal mul - Also , the FTN transmission processing section 503 may 
tiplexing part . For example , the control section 501 may be configured to map the data signals , control signals and so 
preferably execute control so that reference signal symbols on , output from the transmission signal generating section 
are multiplexed in the orthogonal multiplexing part . 45 502 , in the orthogonal multiplexing part , as information 

The transmission signal generating section 502 may gen - symbols ( data symbols , control information symbols , etc . ) . 
erate the downlink control signals and downlink data signals FIG . 19 is a diagram to show an overall structure of a user 
determined to be allocated in the control section 501 , and terminal 20 according to an embodiment of the present 
outputs these to the FTN transmission processing section invention . As shown in FIG . 19 , the user terminal 20 has a 
503 and the reference signal transmission processing section 50 plurality of transmitting / receiving antennas 201 for MIMO 
504 . For example , the downlink control signal generating communication , amplifying sections 202 , transmitting / re 
section 502 generates a DL assignment , which reports ceiving sections ( receiving sections ) 203 , a baseband signal 
downlink signal allocation information , and a UL grant , processing section 204 and an application section 205 . 
which reports uplink signal allocation information , based on As for downlink data , radio frequency signals that are 
commands from the control section 301 . 55 received in the plurality of transmitting / receiving antennas 

Also , the transmission signal generating section 502 may 201 are each amplified in the amplifying sections 202 , and 
generate information about the resources that are allocated subjected to frequency conversion and converted into the 
in time - division - multiplexing , based on commands from the baseband signal in the transmitting / receiving sections 203 . 
control section 501 , as downlink control information ( DCI ) This baseband signal is subjected to an FFT process , error 
to transmit in downlink control channels ( PDCCH , EPD - 60 correction decoding , a retransmission control receiving pro 
CCH ) or as information to report in higher layer signaling cess and so on in the baseband signal processing section 204 . 
( for example , RRC signaling , broadcast signals , etc . ) . The In this downlink data , downlink user data is forwarded to the 
transmission signal generating section 502 may generate , for application section 205 . The application section 205 per 
example , symbol locations in the orthogonal multiplexing forms processes related to higher layers above the physical 
part , subcarrier locations where reference signals are mul - 65 layer and the MAC layer , and so on . Furthermore , in the 
tiplexed in the orthogonal multiplexing part , and subcarrier downlink data , broadcast information is also forwarded to 
locations corresponding respectively to a plurality of anten - the application section 205 . 



US 10 , 177 , 887 B2 
21 

Meanwhile , uplink user data is input from the application section 602 outputs the signals after multi - carrier demodu 
section 205 to the baseband signal processing section 204 . lation ( FFT ) to the channel state estimation section 603 . 
The baseband signal processing section 204 performs a The channel state estimation section 603 estimates chan 
retransmission control transmission process ( for example , an nel states ( channel response ) based on the reference signals 
HARQ transmission process ) , channel coding , pre - coding , a 5 input from the FTN reception processing section 602 . Note 
discrete Fourier transform ( DFT ) process , an IFFT process that , when information about the reference signal multiplex 
and so on , and the result is forwarded to each transmitting ing location per transmitting antenna , pertaining to a plu 
receiving section 203 . The baseband signal that is output rality of transmitting antennas , is acquired from the control 
from the baseband signal processing section 204 is con - section 601 , each antenna ' s channel state can be estimated 
verted into a radio frequency band in the transmitting 10 based on this information . 
receiving sections 203 . After that , the amplifying sections Also , based on the results of channel estimation executed 
202 amplify the radio frequency signal having been sub - based on the reference signals , the channel state estimation 
jected to frequency conversion , and transmit the resulting section 603 executes channel estimation for radio resources 
signal from the transmitting / receiving antennas 201 . apart from the radio resources where reference signals are 

FIG . 20 is a diagram to show a principle functional 15 allocated . For example , after having performed channel 
structure of the baseband signal processing section 204 estimation in each subcarrier location along the frequency 
provided in the user terminal 20 according to an embodi - direction with respect to the orthogonal multiplexing part , 
ment of the present invention . As shown in FIG . 20 , the the channel state estimation section 603 can perform channel 
baseband signal processing section 204 provided in the user estimation in each subcarrier and each symbol location 
terminal 20 is comprised at least of a control section 601 , an 20 along the time direction with respect to the non - orthogonal 
FTN reception reception processing section ( reception multiplexing part . 
reception processing section ) 602 and a channel state esti To be more specific , the channel state estimation section 
mation section 603 . 603 , for example , interpolates the channel response in each 

The control section 601 acquires information about the subcarrier location in the frequency domain ( for example , by 
resources which the radio base stations allocate in time 25 way of weighted in - phase addition ) , and estimates the chan 
division multiplexing , from downlink control signals ( DCI ) nel response of each subcarrier location . Then , the channel 
or higher layer signaling ( for example , RRC signaling , state estimation section 603 interpolates the channel 
broadcast signals and so on ) transmitted from the radio base response of each subcarrier location in the orthogonal mul 
station 10 . However , the method of acquiring information tiplexing part in a given subframe and in the orthogonal 
about the resources to allocate in time division multiplexing 30 multiplexing part in the next subframe following the given 
is by no means limited to this , and a configuration may be subframe , and estimates the channel state pertaining to each 
employed here in which the information is held in the user symbol location in the time domain . 
terminal 20 in advance or reported from other user terminals The channel state estimation section 603 outputs the 

channel estimation results to the FTN reception processing 
Also , the control section 601 identifies ( recognizes ) the 35 section 602 . The channel estimation results may be , for 

orthogonal multiplexing part and the non - orthogonal multi - example , used in the FTN symbol demapping process in the 
plexing part based on the information about the resources FTN demapping section 403 according to the first embodi 
allocated in time division multiplexing . To be more specific , ment , by using equation 12 . 
the control section 601 identifies the symbol locations , Now , although the present invention has been described in 
subcarrier locations and so on in the orthogonal multiplexing 40 detail with reference to the above embodiment , it should be 
part and the non - orthogonal multiplexing part , and controls obvious to a person skilled in the art that the present 
the FTN reception processing section 602 as to whether or invention is by no means limited to the embodiment 
not to perform receiving processes ( demapping , interference described herein . The present invention can be implemented 
cancellation and so on ) of received signals as FTN signals with various corrections and in various modifications , with 
( second embodiment ) . For example , a configuration may be 45 out departing from the spirit and scope of the present 
employed here in which a signal that corresponds to the invention defined by the recitations of claims . Consequently , 
orthogonal multiplexing part is subjected to receiving pro - the description herein is provided only for the purpose of 
cesses as an OFDM signal ( OFDM / OQAM signal ) , not as an explaining examples , and should by no means be construed 
FTN signal . to limit the present invention in any way . 

In accordance with the control by the control section 601 , 50 The disclosure of Japanese Patent Application No . 2014 
the FTN reception processing section 602 performs receiv 039562 , filed on Feb . 28 , 2014 , including the specification , 
ing processes of the signals allocated to the orthogonal drawings and abstract , is incorporated herein by reference in 
multiplexing part as FTN signals , among the received sig - its entirety . 
nals that are received as input from the transmitting / receiv The invention claimed is : 
ing sections 203 , and performs receiving processes of the 55 1 . A radio base station comprising : 
signals allocated to the non - orthogonal multiplexing part as a processor that executes control so that signals are 
normal OFDM signals ( OFDM / OQAM signals ) . time - division - multiplexed over a first radio resource 
Note that the FTN reception processing section 602 has region where symbols are multiplexed at a rate equal to 

only to be configured to be capable of acquiring information or below a Nyquist rate and a second radio resource 
symbols by applying receiving processes to FTN signals , 60 region where symbols are multiplexed at a faster rate 
and the FTN reception processing section 400 , which has than the Nyquist rate ; and 
been described with the first embodiment , may be used a transmitter that transmits the signals that are time 
Also , the FTN reception processing section 602 may be division - multiplexed in the first radio resource region 
configured to be capable of decoding normal OFDM signals and the second radio resource region , to a user terminal , 
( OFDM / OQAM signals ) without applying FTN . 65 wherein channel states are estimated based on reference 

Also , as for the reference signals arranged in the non signal symbols multiplexed in the first radio resource 
orthogonal multiplexing part , the FTN reception processing region , 

20 . 
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wherein a channel response is estimated in each subcarrier resource region in a given subframe and the first radio 
location in the first radio resource region based on resource region in a next subframe following the given 
channel responses in a plurality of subcarrier locations subframe . 
where the reference signal symbols are allocated , and 7 . A radio communication method in a radio base station 

wherein the channel response is estimated in each sub - 5 5 that communicates with a user terminal , the radio commu 
nication method comprising the steps of : carrier location and each symbol location in the second executing control so that signals are time - division - multi radio resource region based on the channel response in plexed over a first radio resource region where symbols 

each subcarrier location in the first radio resource are multiplexed at a rate equal to or below a Nyquist 
region in a given subframe and the first radio resource rate and a second radio resource region where symbols 
region in a next subframe following the given sub - 10 are multiplexed at a faster rate than the Nyquist rate ; 
frame . transmitting , by the radio base station , the signals that are 

2 . The radio base station according to claim 1 , wherein the time - division - multiplexed in the first radio resource 
processor controls a first symbol in each subframe as the first region and the second radio resource region , to the user 
radio resource region . terminal ; 

3 . The radio base station according to claim 1 , wherein the receiving , by the user terminal , the signals that are time 
processor executes control so that the reference signal division - multiplexed over the first radio resource 
symbols are allocated to the first radio resource region . region and the second radio resource region ; 

4 . The radio base station according to claim 3 , wherein the estimating , by the user terminal , channel states based on 
processor executes control so that control information sym - 20 reference signal symbols multiplexed in the first radio 
bols are allocated to part of the first radio resource region . resource region ; 

5 . The radio base station according to claim 3 , further estimating , by the user terminal , a channel response in 
comprising a plurality of transmitting antennas , each subcarrier location in the first radio resource 

wherein the processor executes control so that the refer region based on channel responses in a plurality of 
ence signal symbols corresponding to each transmitting 25 subcarrier locations where the reference signal symbols 
antenna are frequency - division - multiplexed and allo are allocated ; and 
cated to the first radio resource region . estimating , by the user terminal , a channel response in 

6 . A user terminal comprising : each subcarrier location and each symbol location in 

a receiver that receives signals that are time - division the second radio resource region based on the channel 
multiplexed over a first radio resource region where 30 response in each subcarrier location in the first radio 
symbols are multiplexed at a rate equal to or below a resource region in a given subframe and the first radio 
Nyquist rate and a second radio resource region where resource region in a next subframe following the given 
symbols are multiplexed at a faster rate than the subframe . 

8 . The radio base station according to claim 2 , wherein the Nyquist rate ; and 
a processor that estimates channel states based on refer - 25 . processor executes control so that the reference signal 

ence signal symbols multiplexed in the first radio lio 35 symbols are allocated to the first radio resource region . s yn 
resource region , 9 . The radio base station according to claim 8 , wherein the 

wherein the processor estimates a channel response in processor executes control so that control information sym 
each subcarrier location in the first radio resource bols are allocated to part of the first radio resource region . 

10 . The radio base station according to claim 8 , further region based on channel responses in a plurality of 40 
subcarrier locations where the reference signal symbols comprising a plurality of transmitting antennas , 
are allocated , and wherein the processor executes control so that the refer 

wherein the processor estimates a channel response in ence signal symbols corresponding to each transmitting 
each subcarrier location and each symbol location in antenna are frequency - division - multiplexed and allo 
the second radio resource region based on the channel cated to the first radio resource region . 
response in each subcarrier location in the first radio * * * * * 


